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INTRODUCTION 
Within tha last decade the results of imrestigationB pertaining to 
vitamin and mineral requirements have aided materially in solving problems 
in poultry nutrition. However, the amount of research on vitamin E is 
somenhat meager as compared to the information accumulated on other members 
of the vitamin family. Consequently, little is known regarding the func­
tions of vitamin E in the metabolism of the growing chick. 
In order to study a vitamin E deficiency in chicks some investigators 
have employed simplified or purified diets, while others used natural feeds 
treated with ferric chloride in ether solution. 
Due to the variation in composition and treatment of the diets used 
to study avitaminosis E in chicks, it is rather difficult to interpret and 
compare the results that eure available. 
The purpose of this investigation was to determine, in so far as 
possible, the effect of vitamin S-deficient diets on the growth of ohicks. 
It was planned to render diets deficient in vitamin E by: (1) treat­
ing with ferric chloride in ether solution, (2) by extracting the fat con­
tent, (3) by extraction and treatment with ferric chloride, (4) by rancidi-
fication of natural fat and lard, and (5) by extraction and rancidification. 
Diets so treated were supplemented with various levels of wheat germ 
oil or other sources of vitamin E, to determine the growth stimulating 
activity of the vitamin. 
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In view of the evidence regarding reBorptions and sterility in rats 
•which had bean fed extremely low fat or high fat and ferric chloride treat­
ed diets, it seems reasonable to assume that when chick rations are treated 
like^vise they too are rendered E-doficient, 
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REVIEW OF LITEEATURE 
Evans and Bishop (15) In a search of the influence of diet on the 
precise mechanism of the estrous cycle of the rat, found that females 
reared on vhat was considered en adequate simplified diet would sooner 
or later lack entirely the ability to reproduce. The nutritional element 
that was apparently essential to reproduction was at first designated as 
the X factor. Sure (46) also rooogniJied the necessity of the hitherto un-
recogiized vitamin necessary for reproduction in rats, and proposed that 
the term vitamin B be adopted to represent this new dieteury factor. 
Sure (47) and Evans and Burr (16) demonstrated that the reproductive 
dietary factor is a fat-soluble vitamin, and that it may be extracted from 
feeds with ether and other fat solvents. Svans and Burr (16) as well as 
Sure (48) found that cod liver oil was low in vitamin B. TJhen coconut 
oil was substituted to the exteat of two per cent for leurd in an E-de-
ficient diet, female rats failed in reproduction, according to Evans and 
Burr (16). These authors also reported that the introduction of large 
percentages of lard in the diet accelerated sterility in rats. Mattill 
(31) found that the oxidative changes that accompany the beginning and 
development of rancidity in unsaturated animal fats tend to destroy vita­
mins A and E. The progress of rancidity is hastened by several well rec­
ognised conditions, and especially by the catalytic action of ferrous 
iron. Weber, Irwin, and Steeabcok (53) concluded that 30 par cent of a 
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moderately rancid lard ie able to destroy at least three times the amount 
of vitaiuin E which would produce litters of rata on a fresh lard diet. 
Y/addoll and Steenbook (51) found that vitamin E could ba destroyed 
by treating natural food materials with ferric chloride. The treatment 
consisted of adding to the diet 1 per cent ferric chloride in an ether 
solution. The ethor was dissipated by the use of a fan at room tempera­
ture. The vitamin A content of the iron treated ration was not appreci­
ably affected, and for rats the palatability was not greatly reduced. 
Later work by Tiaddell and Steenbook (52) indicated that the sterility 
produoing effect in rate of the iron treated ration, was evidently brought 
about by intimate contact of the iron and the ether soluble material in 
the ration. 
Erana et al (18) succeeded in preparing; three allophanates from the 
non-saponifiable portion of wheat genr. oil. The melting point of the 
third allophanate ranged between 158-160°C. The alcohol obtained from 
this allophanate, for which they proposed the name olpha-tocopherol, was 
active biologically. V<hen it was given in a single dose of 3 milligrams 
to vitamin S-deficient rata they could bear young. In 1938 Karrer ot al 
(29) and Smith et al (45) synthesised alpha-tocopherol. Evans et al 
(19) found the synthetic alpha-tocopherol to be as effective in producing 
healthy litters of rats as alpha-tocopherol derived frcan natural sources. 
Evans (17) showed that the administration of wheat germ oil concen­
trate to male rats i^iioh had received a vitamin E-deficient diet for 
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eight months, ceiused a marked stimulation in growth. In 1937 Emerson and 
Evans (14) obtained further evidence that *heat germ oil was capable of 
stimulating growth in rats, and the factor appesured to be in the non-
saponifiable portion rather than in the fatty acid fraction, Olcott and 
Mattill (36) likewise found that groYfth in vitamin E-deficient rats is 
apparently stimulated by vitamin E. Evens, Emerson and Emerson (20) ob­
tained evidence that alpha-tocopherol stimulated growth in rats that had 
plateaued in rate of growth on a vitamin E-low diet. Ferric chloride treat­
ed iriieat germ oil containing approximately one-tenth of the E activity of 
the original oil stimulated growth idien fed to female rats which had 
plateaued in rate of growth on a vitamin E-low diet, according to Evans 
and person (21). 
Adamstone (1) examined dead chick aabryos from eggs produced by pullets 
receiving a diet composed of natural feeds that had been treated with an 
ethereed ferric chloride solution. He observed that the vitelline circula­
tion was destroyed by an intensive proliferation of cells in the mesoderm 
Tidiich resulted in subsequent "degeneration" of the areas involved. 
In order to study a vitamin E deficiency in chicks, Pappenheimer and 
Goettsoh (37) fed Diets 107 and 108 composed of milk powder, casein, starch, 
yeast, cod liver oil, a salt mixture and filter paper. Chicks maintained 
on these diets developed ataxia, tremors, retraction or twisting of the 
head, clonic spasms of the legs and stupor. The symptoms may appear sudden­
ly, between the 18th and 25th day, and may end in death. The lesions found 
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in the oerebellum of affected chicks consisted of edema, necrosis and 
hemorrhages. Histopathologic studies of the lesions produced by Diets 
107 and 108, were made by Wolf 5uid Pappenheimer (54), They studied 169 
chicks and found cerebellar lesions in 153, cerebral lesions in 48, and 
medullary or midbrain lesions in 19. 
Dunlap (12) described a disorder occurring under field conditions 
vihich was popularly referred to as "crazy chick disease." The symptoms 
described for this ailment resembled those of nutritional encephalomalacia, 
but the histological findings revealed kidney instead of brain lesions. 
Pappenheimer and Goettsch (38) found that nutritional encephalomalacia may 
be induced in chicks up to the age of approximately two months. The per­
centage incidence of the disease becomes progressively less as the pre­
liminary feeding period on a diet of natural feeds is increased. Keenan 
et al (30) and Hogaa and Boucher (24) fed chicks simplified diets, and 
produced a brain disorder or degeneration described as being similsur to 
that produced by Pappenheimer and Goettsch (37), 
Pappenheimer and Goettsch (39) discovered that the brain degeneration 
of chicks was prevented by replacing part of the lard of Diet 108 with 
either cottonseed, corn,or peanut oil. Adamstone (2) announced that chicks 
fed a ration treated with ethereal ferric chloride caused pathological 
lesions of the visceral organs. The same year Sloan, Card and Adamstone 
(44) fed "deutectomized"chicks a diet treated with ethereal ferric chloride 
to destroy vitamin E, and high mortality resulted during the first three 
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or four weeks. These chicks grew slower than normal chicks on the aame 
diet. The'tteutectomiied"chicks manifested symptoms of the deficiency at 
least two or three weeks earlier than those retaining the yolk material. 
The removal of the yolk did not eliminate the^ variation between chicks 
within a lot, in so far as mortality and growth was concerned. 
Pappenheimer and Goettsch (40) fed Pekin ducklings Diet 108, and pro­
duced nutritional myopathy. Apparently the skeletal niusoles were the only 
structures affected, l^o lesions were observed in the brains, spinal cords 
and sciatic nerves examined. 
Adamstone (3) produced definite viscereal lesions in chicks by feed­
ing a ferric chloride treated ration. The lesions appeared as white, 
creamy or grayish spots or lumps in the affected organs. The lesions 
appeared in the liver, heart, psmcreas, gizzsird, spleen and lungs. On the 
basis of structure the lesions were classified as lymphoblastomas (Feldman, 
1932), since they were composed of a stroma made up of reticular tissue 
associated vdth accumulations of lymphocytes. In a similar manner, Goettsch 
and Pappenheimer (22) treated Diet 20, composed for the most part of natural 
feedstuffs, with ferric chloride in ether solution to destroy vitamin B. 
This diet was proved to be low in vitamin E by appropriate rat tests, but 
when fed to chicks it did not produce mortality or encephalomalacia. These 
•workers showed further that even when Diet 108 was supplanented with cereal 
grains, fresh ^eenstuffs, and certain animal products, the chicks were 
not completely protected against the brain degeneration. They have demon­
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strated that there is a protective factor present in the non-saponifiable 
fraction of certain edible oils such as com oil, cottonseed oil, hydro-
genated cottonseed oil (Crisco), peeuaut oil and soy bean oil. 
Delaplane, Stuart and Hart (11) described a disease in chicks occurring 
under field conditions "which resembled encephalomalacia in its neurological 
symptoms. Shortly afterwards, Jungherr (27) reported the occurrence of a 
brain disease in chicks fed commercial rations under field conditions. 
Histopathologic studies revealed that "the disease was indistinguishable 
from experimental encephalomalacia* 
Ni (32) induced encephalcxaalacia in chicks by feeding Diet 108. The 
disease was prevented by feeding Chinese gelatin. Even though the fat was 
extracted from the gelatin it still remained effective in preventing the 
brain disease. 
In 1937, Elvehjem et al (13) differentiated between a vitamin B4 de­
ficiency end encephalomeilacia on the basis of symptoms and gross lesions, 
and stated that preliminary histological examinations did not reveal a 
marked degeneration of the brain in uncomplicated B4 deficiency, 
Jungherr and Pappenheimer (28) fed Diet 108 to poults, and produced 
a selective necrosis of the smooth muscle of the giaiard wall. The brain 
and skeletal muscles were not affected. 
Jukes, Babcock and Sidney (26) treated a normal diet vrith ferric 
chloride in ether solution and obtained slow growth of chicks. At 60 
days of age the chicks averaged 360 grams in weight. One case of paraly­
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sis appeared on the 57th day of the experiment. 
Ni (33) indicated that the active factor contained in Chinese gelatin 
vdiich prevents the ooourreaoe of encephalomalacia is not destroyed by alka­
line hydrolysis and subsequent ether extraction. The active factor in the 
gelatin apparently is not lipoidal in character. 
Dam, Glavind, Bernth and Hagens (9) prevented encephalonalacia in 
chicks fed Diet 108, by giving synthetic dl-alpha-tocopherol. Daily doses 
of this substance increasing proportionally to the weight of the animals 
in quantities of 0.0075 milligram per gram of body weij^t completely pro­
tected the chicks. Subsequent work by Dam and Glavind (10) showed that 
the accumulation of fluid in the subcutaneous tissue in"aliment8ry exuda­
tive diathesis" could be prevented by dl-alpha-tocopherol. 
Pappenheimer, Goettsch and Jungherr (41) confirmed the findings of 
Dam ^ (9) that alpha-tocopherol would protect chicks against encephalo­
malacia. In the first experimmt two groups of chicks were protected with 
a total dosage of 4,95 and 9.90 milligrams of alpha-tocopherol prepared 
from vegetable oil. In the second experiment two ^oups of chicks were 
given a total dosage of 5 and 10 milligrams of synthetic dl-alpha-toco-
pheral, and they were completely protected against the brain disorder. 
An experiment conducted by Ni (34) appeared to indicate that the 
greater the amount of vitamin A or carotene added to Diet 108, the more 
rapid emd severe was the onset of encephalomalacia. It was suggested 
that vitamin A hastens the oxidation of all traces of vitamin E. As 
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souroes of vltamina A and D he used cod liver oil, halibut liver oil, and 
a solution of oarotene and ostelin. Bird and Culton (8) induced a general­
ised edema in a large percentage of chicks fed. a simplified diet, k con­
siderable proportion of the chicks died between the ages of S and 9 weeks. 
This condition was prevented with dl-alpha-tooopherol by administering doses 
of such size as to approximate 7.5 micrograms per gram live weight per day. 
The alpha-tocopherol was dissolved and suitably diluted in nondestaarinated 
U. S. P., cod liver oil. Destruction of alpha-toeopherol by cod liver oil 
was not evldenoed. under the conditions of this experiment. 
Pappenheimer (42) oampletd.y prevented nutritional myopathy of duck­
lings by administering 4 nilligrams of synthetic alpha-tocopherol daily. 
It was edso stated that preliminary experiments indicated that soy bean 
oil and wheat germ oil in adequate dosages protected ducklings against the 
development of muscle degeneration produced by Diet 108. 
Thompson (49) modified the Almquist and Stokstad basal Diet £, for 
the purpose of destroying the anti-giisard-erosion factor. Instead of ex­
tracting the sardine mesd and dried brewer's yeast, these substances were 
soaked In ether for 24 hours. This diet was designated as Number 44, and 
it was stated that every chick fed this diet developed encephalomalacia. 
The dia^osls was made on the basis of histopathologic studies. 
In 1940, Holmes and Cravens (25) studied the effect of feeding wheat 
germ oil to chickens. The addition of 0*1 per cent of this oil to a normal 
ration did not significantly affect growth, mortality, age to sexuid 
13 
maturity or egg production,. During th« same year, Russell, Taylor, and 
Polskin (43) found that the extensive removal of substanoes soluble in 
diethyl other from on ordinary poultry growing mash did not retard groirth 
of ohicks significantly up to 14 weeks of age, i^en oare was taken to 
provide the vitamins removed by the extraction process. The dietary fat 
was reduced to 0.1 per cent or less. Assuming that vitamin E was removed 
from the ration to a large extent by extraction, and that no attempt was 
made to supply this factor, it could be concluded that vitamin E is not 
necesssury for growth. No internal abnormalities were observed in these 
chicks. 
Norris (35) stated that evidence has been obtained at Cornell Univer­
sity, 'vdiioh oonfirms the results of Dam, of Copenhagen, Denmark, and of 
Pappenheimer and associates (41) that either natural or synthetic alpha-
tocopherol prevents the development of nutritional enoephalomalacia. 
Prevention of this disease was obtained by mixing the alpha-tocopherol 
in "tiie lard portion of the diet, supplying it orally, and by injecting 
it into the peritoneal oavity. It was also stated that by storing a nor­
mal ration at rocHa temperature for three months it was possible to produce 
a small amount of enoephalomalacia in chicks. 
Hammond (23) observed that enoephalomalacia of ohicks may be produced 
by adding three per cent or more of ood liver oil to their diet. Twenty 
chicks showing poor muscular coordination were given an oral administra­
tion of 5 lailligrams of synthetic alpha-tooopherol every other day for 
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saren days. This treatment oured 19 of the 20 chicks affected. Nineteen 
of the 20 negative controls became completely paralyzed and died within 
eig^t days. 
Adamstone (4) concluded that nutritional encephalomalacia can be pro­
duced readily in young chicks by feeding a natured ration treated with 
ferric chloride in ether solution to destroy vitamin E if heat is used to 
evaporate the ether. The disease does not occur when the ether' is allowed 
to evaporate spontaneously in the cold. The destruction of vitamin E by 
ferric chloride is a necessary prelimiziary, since the use of ether alone 
in treating the food and its subsequaat evaporation with heat produce no 
results. Hence, it is concluded that nutritionid encephalomalacia is 
caused by at least two ccmditions occurring simultaneously. These condi­
tions are: (1) a deficiency of vitamin and (2) the lack of some other 
heat-labile substance or substances, or the failure or inability of the 
animal to utilize seme substances, if present, under conditions of vitamin 
E deficiency. In another study Adamstone (5) found that chicks receiving 
an iron treated ration supplemented with halibut liver oil developed a 
condition having many characteristics of anemia. Grossly, the liver was 
marked by numerous dark mahogany brorni nodules, i«hich occurred throu^out 
the whole organ, and were visible on any cut surface. Adamstone (6) ob­
tained evidence that supposedly normal chick embryos show spontaneous 
hemorrhage anda Mstologic picture which is apparently identical with that 
encountered in vitamin E-deficieat embxyos. 
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Adamstona (7) also found that chicks receiving a diet treated with 
ferric chloride in ether solution, and supplemented vrith ood liver oil or 
sardine oil develop tumors that are always confined to the lower part of 
the intestine or rectum. Sometimes the tumors extend into the ceca or 
for a short distance into the colon. They arise as a direct result of the 
occurrence of intestinal ulcers* The exact cause of this disturbance re­
mains to be determined. 
The references cited here indicate that when chicks are maintained 
on certain simplified diets^ brain degeneration develops in some cases. 
It was not until 1938, that vitamin £ was successfully used to prevent the 
development of this disease. The results of the original findings have 
been confirmed by several investigators. 
7arious workers have attempted to induce encephalomalacia in chicks, 
through the use of ethereal ferric chloride treated dietsj one reported 
positive results. Lymphoblastomas were reported as a result of feeding 
an iron treated diet. 
Some evidence is acoumulated 'v^ich points out that a disease of 
chicks occurring under field conditions is indistinguishable, both in symp­
toms and pathologic changes, from nutritional encephalomalacia. 
Evidence has been presented by one Investigator that encephalomalaoia 
was produced by storing a practical ration at room temperature for a cer­
tain period of time. Another worker produced encephalomalacia in chicks 
throu^ the use of high levels of cod liver oil. A group of affected 
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chicks w ere treated aucoessfully with alpha-tooopharol. 
Ssreral species of fowl appear to be affected differently iriien re­
stricted to the same synthetic diet. That is, chicks develop a hrain 
degeneration, ducklings a skeletal muscle degeneration, auad poults a 
degeneration of the gizaard muscle. The administration of alpha-tocopherol 
prevents the development of the first two disorders, but similar informa­
tion on the latter condition is not available. 
According to this information it would appear, therefore, that one 
manifestation of a vitamin £ deficiency in chioks is encephalomalacia. 
Several investigators have demonstrated that chioks grew poorly when 
fed ethereal ferric chloride treated and simplified diets. One report 
indicated that a normal diet supplemented with a small per cent, of -wheat 
germ oil did not stimulate growth in chicks. Evidence is lacking showing 
the effects of supplementing various levels of wheat germ oil and alpha-
tocophsrol to diets treated by several methods to inactivate vitamin S. 
It seems questionable, then, whether this vitamin is definitely concerned 
in the growth of the chick. 
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EXPERIMENTAL 
UaterialB and Usthods 
All experimentB ware conducted with Single Comb Ithlte Le^om ohloks. 
The chicks used for experimmts 1 to 8 inclusive were from loasB-mated 
flocks at the college poultry farm. Those used for experiments 9, 10, and 
11, were secured throu^ the courtesy of the Blue Ribbon Hatchery, Atlanta, 
Georgia. 
Experiments 1 to 6 inclusiye were conducted in the brooder house at 
the Iowa State College Poultry Farm, and the remaining experiments were 
initiated in a brooder house at the UniTersity of Georgia Poultry Farm. 
Shortly after removing the chicks from the incubator they were select­
ed on the basis of general vigor, individually wing banded, and then placed 
in electrically heated battery brooders equipped with wire floors. Three 
extra chicks were included in each lot for the first week. The extra 
chicks were selected at random and removed after that time. Individual 
weights were recorded at biweekly intervals. 
Feed and water were kept before the chicks at all times during the 
experimental period. Artificial light was provided at night. The chicks 
were atarted on the experimental diets when they were placed in the brood­
er. Peed consumption records were kept for each lot. 
Enough feed was prepared to ccaraplete each feeding period. 
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A post mortem examination was mads of the ohicks that diet except in 
those cases indicated, and beginning with experiment 3, upon termination 
of each trial all chicks were killed and examined for gross lesions. Histo­
pathologic or bacteriologio studies were made in some cases. 
The formulas of all rations used in these experiments and their es­
timated chemical analyses are given in Appendix Tables 1 and 2. 
The regular feedstuffs included in Diets I, II, III, IT, and Diet B 
were secured from local feed dealers. 
The riboflavin concentrate used in Diet I was a ccmmercial product.* 
Dried brewer's yeast was used in Diets I and 17 as a source of ribofalvin.** 
Diets II and 108-A contained dried brewer's yeast from another source.*** 
The oils used for experiments 1 to 5 inclusive contained 3000 International 
units of vitamin A and 400 A.O.A.C. units of vitamin D per gram. For ex­
periments 6, 7, and 8 the oil contained 1000 International units of vitamin 
A and 85 A.O.A.C. units of vitsmin D. The cod liver oil****used for ex­
periment 9 contained 1800 International units of vitamin A and 290 A.O.A.C. 
units of vitamin D. The oil added to the diets for experiments 10 and 11, 
oontained 1000 International units of vitamin A and 100 A.O.A.C. units of 
vitamin D. 
The bleached spruce sulphite pulp used in Diet 108-A as a source of 
filler was obtained from the Forest Products Laboratory, Uadison, Wisconsin. 
* Labcoflavin, supplied ^ y Borden Jk Co., New York 
«« Fleisohmann's 
*** Anheuser-Busch Corporation, St. Louis, Missouri 
**** Supplied through the courtesy of E. R. Squibb ie Sons, New York, N.T. 
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The irtieat gem oil* adrainistered to chicks for the first four experi-
ments, iras purchased on the market, while that used in all succeeding 
experiments was ohtained from the Department of Animal Chemistry and Nutri­
tion, Iowa State College. 
Synthetic dl-alpha-tocopherol was used in these experiments also 
after it became available. 
The solvent used for fat extraction purposes was a normal pentane 
(Skelly A) iriiioh had a boiling point that ranged between 85 and 100®F, 
The object of experiment 1 (Table 1) was to determine the effect on 
growth of a ferric chloride treated diet, and to observe the effect of 
feeding a hi^ level of iriieat germ oil and to determine whether the pro­
duct would stimulate growth on the treated or untreated diets. 
Diet I was formulated to be naturally low in vitamin B, but at the 
same time to be adequate in other well known essentials. The protein, 
calcium and phosphorus content was hig^ enough to obtain fair growth. The 
ingredients were finely ground prior to mixing. The sreast, riboflavin con­
centrate and cod liver oil were mixed in the rations after treatment. 
The original Waddell-Steenbock (61) method for the destruction 
or inactivation of vitamin E was slightly modified in order to make pos­
sible the recovery of the ether. The feed, including the fat soluble 
material was brought in contaot with ferrio chloride in ether solution. 
* Aroher-Daniels-Uidland Ucnapany, Hinneapoiis, Minnesota 
Supplied through the courtesy of General Mills, Inc. 
Supplied through the courtesy of Merck and Company Inc., Rahway, N.J. 
The feecbfor experiments 1, 2 and 3, were treated through the courtesy 
of Dr. B. H. Thomas of the Dept. of Animal Chemistry and Nutrition, 
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Tho ether iraa then evaporated off, leaving the iron compound in contact 
with the feed. 
The ration was treated in batches of approximately 35 pounds. The 
feed to be treated was weired and 1 per cent of ferric chloride by weight 
of the feed was dissolved in ether. The ether solution of ferric chloride 
was then mixed with the feed and allowed to stand at room temperature on 
an average of 12 hours. The feed was completely covered with the solution. 
A ten-gallon milk can was used to contain the feed and ether solution. 
The vessel contained a vertically fitted spiral one-fourth inch copper 
tubing with an inlet and outlet at the top. The cover had an outlet for 
the ether. To recover the ether the can was placed In a water bath heated 
with steam. The arrangement was such that steam was also passed through 
the copper coil withto the oan. Prom 8 to 12 hours were required to re­
cover most of the ether. The feed was then removed from the can and spread 
out in shallow metal pans to allow the last traces of ether to evaporate. 
The pans of feed were next placed in a steam heated drying room having an 
average temperature of approximately 57°C. The feed remained in this room 
for two weeks. The purpose was to induce a hi^ degree of rancidity, which, 
according to previous reports, inactivates vitamin E, 
After removing the feed from the drying room the required amount of 
yeast and vitamin 6 concentrate were thorou^ly mixed in the feed by hand. 
To reduce the possibility of destroying vitamin A when in contact with 
rancid fat, the cod liver oil was mixed in a small quantity of faed evaiy 
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other day. Thus tho opportunity for the destruction of vitamin A was 
minimised. 
The *heat germ, oil vras administered daily •with a pipette. It iras 
planned to give the oil at the rate of 0.2 oc. par chick per day; gradually 
increasing the quantity to 5 oo. per day by the ei^th week. Based on 
average feed consumption for tiie ei^th week 5 co, of oil per day would 
amount to approximately & to 10 per cent of the feed intake. Smaller 
quMtities were given proportionally when a noacimum level of 1 oo. per 
ohiok per day was desired at the ei^th we^. 
The second experiment (Table 2) was initiated to determine whether 
the addition of 1 per cent lard to the ethereal ferric chloride solution, 
the diet being the same, would induce mortality in the negative control. 
It was also desirable to know v/hether a reduction in the wheat germ oil 
intake would lower the mortality in the positive control. Tsheat germ oil 
was also given in a smaller quantity to ohicks on the untreated ration^ to 
determine its effect on growth and mortality. Other than these exceptions 
noted this trial was similar to experiment 1. 
The object of the third experiment (Table 3) was to determine whether 
the various combinationa of ferric chloride^ lard, and wheat germ oil would 
affect growth or cause mortality on the untreated diet, auad also to de­
termine if 0.2 cc. of cod liver oil given orally every other day would in­
crease the viability of chicks on the high mortality producing diet. 
Since the conibination of wheat germ oil and the ethereal ferric chloride 
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treated feed appeared to be toxio to chicks vrhen the former was given 
orally^ intraperitoneal injections were administered with the hope of re­
ducing the mortality. The wheat germ oil was autoolaved for two hours 
at 15 pounds pressure before it was administered. Each chick received 
0.5 CO. during the second, third and fourth weeks. The diet used for this 
trial was the sane as that used for experiment 2. 
The object of experiment 4 (Table 4) was to ascertain the influence 
of extracted ranoidified diets on growth and mortality. Diet II was formu­
lated to be espeoially high in the B-G complex factos, and this diet con­
tained a greater variety of foedatuffs than Diet I. 
The fat content for the different batches of extracted feed varied 
from 0.6 to .95 per cent. It was also desirable to know whether natural 
ranoidified fat possessed any growth promoting factors that were not present 
in rancid lard. Beginning with the third week, wheat germ oil was ad­
ministered orally to three lots of chicks. Beginning with 0.2 oc. per day, 
the dosage was gradually increased to 1 cc by the end of the fourth week. 
From the fourth to the eighth week inclusive the chicks received 1 oc. of 
wheat germ oil per day. 
The extractor was very small, therefore, only 8 or 9 pounds of feed 
per batoh oould be extracted. Sach batch of feed was extracted for 80 
hours. The feed was heated at times to 95®C., before the extraction pro­
cess was completed. A coiaposite sample of the extracted feed analyzed 
.77 per cent fat. The natural fat and lard were made ranoid by aeration. 
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The fats were placed in 10 liter suction flasks, mdiich in turn were placed 
on a water bath and held at about 82^C., during the process of aeration. 
The rancid fats were carefully rubbed into the extracted feeds. An 
effort was made to keep the fat content of the feed for the various lots 
about the same. The fat was mixed in the diet before it was spread in 
shallow pans and stored or aged for two weeks' at about lOO^F. This time 
interval permitted the feeds to become rancid as determine^ by odor. Based 
on an estimate, enou^ feed was weired, from the storage cans asai^ed each 
lot to feed the chicks for two days. The cod liver oil vtas mixed in the 
feed every two days. This procedure seemed neceesary to lower the destruc­
tion of vitamin A. The feeds were supplemented with 0.5 per cent of forti­
fied cod liver oil. 
Experiment 5 (Table 5) was for the most part a duplication of experi­
ment 4. A new extractor was desired to accommodate 25 pounds of feed per 
batch. The extraction was accomplished in the cold, thus removing the 
heat factor to nAiich the feed was subjected in experiment 4. Diet II was 
extracted for 80 hours. The average fat content of the extracted feed was 
about 0.46 per cent. The fat content of the diets received by the various 
lots was similar except in those lots receiving wheat germ oil. The ex-
traicted rancidified diets were aged for two weeks at lOO^F., to increase 
the degree of rancidity, fiheat germ oil was administered at a hi^er level 
but in a similar manner as described in trial 4, the object being to de­
termine irtiether higher levels would stimulate or retard growth. Cod liver 
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oil was mixed in the diets at the sanw level and in a similar manner as 
in trial 4. 
Since cooonut oil is regarded as a poor source of vitamin E and wheat 
germ oil as a good source of this vitasiin, it was desirable to know if one 
was superior to the other in stimulating growth. Experiment 6, (Table 6) 
was designed to obtain this informatian. Diet II was used for this trial. 
The fat oonteoat of the feeds was approximately the same in all lots. In­
stead of mixing the ood liver oil in the feed it was given orally. Each 
chiok received 0.2 co. or approximately 0.14 of a gyam per day the first 
four weeks, and 0.28 gram thereafter. Hence, this method eliminated the 
possibility of destruction of vitamin A by coming in contact with rancid 
fats except in the digestive tract of the bird. 
The object of experiment 7 (Table 7) was to ascertain the effects 
upon growth and mortality of subjecting Diet II to similar treatments pre­
viously applied to Diet I, as well as to extend the treatments. 
The reasons for including the various lots in this experiment are 
given as follows: 
1. Lot 1 was included to observe the effects of a low fat diet. The 
fat content was approximately 0.46 per cent. The coconut oil was added be­
cause the dry feed caked to the roof of the mouth, probably due in part 
to the hi^ yeast content. 
2. Lot 7 was used to show the effects of extraction, ranoidification 
and reextraction. The feed was first extracted as in the case of lot 1. 
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Then. 6 per cent of sli^tly ranoid lard was rubbed into the feed; it was 
stored at 100^., for two weeks in an effort to destroy the vitamin £ con­
tent of the remaining or \mextractod fat. The ranoid fat was extracted, 
and 0.25 per cent coconut oil was added. 
3. Lot 2 included a diet that was siiailar in fat content to lots 1 
and 7, It was treated with 1 per cent ferric chloride in ether solution. 
Certainly it would appear that the ferric ohlorida would destroy all traces 
of vitamin E in a diet containing less than 0.5 per cent fat if this method 
is as effective as preTious work indicates. 
4. Lots 3 (a) and 3 (b) were included to determine isfliether an ether­
eal ferric chloride and a low heat treatment of 100^., would produce high 
mortality v^en supplemented vrith nbeat germ oil. The dosage of wheat germ oil 
was started at the rate of 0.2 cc. and gradually increased to 5 cc. by the 
end of the eighth week. The oil was not given until the chicks were ei^t 
days of age. 
5. Lot 4 was used to determine the effects of low heat, and the 
ethereal ferric chloride and lard treatment. One per cent lard was dis­
solved in the ferric ohlorida ether solution and mixed with the feed. 
6. Lots 5 (a) and 5 (b) were used to test the effects of the 
ethereal ferric chloride and hi^ heat treatment. IVheat germ oil was 
given at the same level to chicks in lot 5 (a) as indicated for lot 3 (a). 
7. Lots 6 (a) and 6(b) were included to observe the effects of the 
ethereal ferric chloride and lard treatment plus hi^ heat on growth and 
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mortality. Lot 6 (a) was supplemented with vitamin E. The synthetic dl-
alpha-tocopherol was suitably diluted with ethyl-laurate. A tuberculin 
syringe equipped with a long blunted needle was used to administer the 
vitamin orally. Each chick received approximately 0.1859 milligram daily 
or a total dosage of approximately 10 milligrams by the end of the eighth 
week. 
8. Lot 13 served as the control. 
All the feed treated at 100°P. was stored in an incubator for two 
weeks; the feed held at 57°Cw was stored in a steam heated drying room 
for the same period of time.* 
Each chick in all lots received 0.2 cc. or approximately 0.14 gram 
of cod liver oil daily for the first four weeks, and 0.28 gram the last 
four weeks of the experimental period. 
Experiment 8 (Table 8) was initiated to check the results of other 
workers that enoephalonalaoia produced by Diet 108 can be prevented by 
alpha-tooopherol. It was also desirable to know if ranoid and nonrancid 
natural fat substituted for lard would increase or decrease the incidence 
of the disease. 
Pappenheimer et (41) pointed out that Diet 108 was modified in 
order to better the mineral content. The fiber content was also reduced 
to 5 per cent. The new diet. Diet 10S-A,was used in edl their feeding 
experiments after the summer of 1937. The formula and estimated analysis 
•Solvent was recovered by heating the can containing the feed with hot 
water. The temperature of the water ranged from 25 to 45°C. It required 
about 29 hours to recover most of the solvent. 
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for this diet are given in Appendix Tables 1 and 2. 
During the first week only of the experimental period, the ohicka re­
ceived a mixed diet consisting of 50 parts of Diet 108->A smd 50 parts Diet 
II extracted and ranoidified with lard. 
The materials inoluded in Diet 108-A as used in this trial are be­
lieved to be similar in quality to those used in the original diet. Instead 
of mixing fresh fat in the diet it -was made slightly rancid, irhioh was 
another modification. At the beginning of the experiment the diets for 
each lot were mixed and stored vinder refrigeration. The' cod liver oil was 
not mixed in the stored feed. The oil was mixed in a small amount of feed 
every other day for each lot receiving the modified diet. The natural fat 
inoluded in the diets of lots 9 and 11 mLs extracted from Diet II* 
The synthetic dl-alpha-tocopherol was diluted with ethyl-laurate, A 
tuberculin syringe equipped with a long blunted needle served to administer 
vitamin E orally. Each chick of lot 10 received approximately 0.1859 milli­
gram daily or a total dosage of approximately 10 milligrams by the end of 
the eighth week« 
The object of including Diet E in this trial was to determine iriiether 
alpha-tooopherol would prevent the oocurreaace of anoephalomalaoia. Thompson 
(49) observed that all the Barred Plymou'tii Bock chicks on this diet de­
veloped encephalomalaoia during the fifth week. The formula and chemical 
analysis of Diet B are given in Appendix Tables 1 and 2. 
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The same batoh of feed as used by Ihcmpsos. (49) vas used in this ex-
perimeat six weeks later. It was further modified by adding 1 per oetit 
ood liver oil. The oil was mixed in small quantities of feed every other 
day. Lot 12 (a) received the same amount of alpha-tooopherol as lot 10. 
Sinoe all the ohicka in lots 8 and 9 either died or became paralysed 
on these diets, it was decided to use the same diets which had aged for 
thirty days longer to observe whether the inoidenoe of mortality would be 
lowered by administering ood liver oil orally. Bach ohiok received 0*14 
of a gram per day the first four weeks, and 0.28 gram thereafter. 
Because the administration of alpha-tocopherol failed to protect the 
chicks against symptt^ of eacephalomalacia in trial 8, experiment 9 
(Table 9) was desigied to make further observations on the protective effect 
of larger dosages. 
Diet 108-A was prepared with fresh lard and allowed to stand at room 
temperature for seven days. The diet had developed only a very sli^t 
rancid odor by this time. The feed was stored under refrigeration. In-* 
stead of mixing the ood liver oil in the diet for all lots it was given 
orally to two lots. Each chicik of lots 1 and 2 received approximately 
0.18 gram every other day during the first four weeks and 0.36 gram there­
after. The chicks of lots 5 and 4 reoeived an equivalent amount mixed in 
the feed. The alpha-tocopherol was administered in gelatin capsules. The 
chicks in lots 1, 3, and 5, received a total dosage of 25 milligrams dur­
ing the feeding period. Beginning with the second week the chicks reoeived 
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a dosage of I milligram every other day for the duration of the experi­
mental period. 
Lots 5 and € vere included in this trial to test the effects of 
storage on an extracted feed. Diet II was extracted as previously des­
cribed to remove most of the fat, then 21 per cent of Isurd was thoroughly 
rubbed in the feed. The feed was then held at room temperature for four 
weeks in a feed can to permit a hi^ degree of rancidity to develop. 
The object of adding the higjh level of lard was to destroy the amount of 
vitamin B contained in the small par cent of unerbraoted fat left in the 
feed. The lard was then removed from the feed by extraction. Subsequent­
ly the feed was stored in a can with a loosely fitted lid, irtiere it re­
mained at room temperature for seven montiis. Two weeks prior to feeding 
6 per cent of rancid lard was rubbed into the feed. The diet was supple­
mented with E per cent cod liver oil mixed in the feed every other day. 
Alpha-tooopherol was administered to the chicks of lot S, as indicated 
for lots 1 and S* 
In view of the results obtained by Hammond (23) that hi^ levels, S 
per cent or above, of cod liver oil induced encephalomalacia, it was 
reasoned that by treating Diet 108-A similarly a hi^ incidence of mor­
tality should be obtained. Therefore, experiment 10 (Table 10) was 
initiated to determine the effect on mortality of hi^ levels of cod 
liver oil. Alpha-tocopherol was given to prevent the development of the 
nutritional disease. 
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Diet 108-A was mixed and stored in oans at room temperature. The 
excess cod liver oil was added at the expense of corn starch. The diet 
had a slightly ranoid odor at the end of two weeks at T«Moh time the cod 
liver oil was added. All the oil was mixed in the feed except for 0.5 
per cent •rtiich was added freshly every other day. The alpha-tooopherol 
was administered as described for experiment 9. 
An attempt was made to induce encephalomalacia with a diet composed 
of natural ingredients. Twenty-one per cent lard was mixed in Diet III. 
The feed was then placed in a can covered with a lid. The feed was stored 
at room temperature for five months. The lid was removed from the can 
at various intervals in order to stir and aerate the feed. At the end 
of five months the feed did not have en acrid odor. Lots S and 9 received 
this diet. Lot 9 received alpha«tocopherol as a supplement. 
Experiment 11 (Table 11} was designed to determine T^ether the addi­
tion of high levels of cod liver oil to diets composed of natural feed-
stuffs would induce symptoms and gross lesions of encephalomalacia. 
For this study two diets were used. Diet III was composed of a wide 
variety of feedstuffs as compared to Diet Tf, which is more or less simpli­
fied. The formulas and estimated analyses of these diets are given in 
Appendix Tables 1 and 2. 
Diet IV should be inferior to Diet III in its vitamin S content due 
to the kind, as well as the limited ntmtber, of ingredients included in 
the diet. 
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The feedstuffs included in these diets were finely ground, whioh 
should be conducive to ranoidifioation and deBtruction of vitamin B. The 
total amount of cod liver oil was mixed in the diets with the exception 
of one-half of 1 per cent. The feeds were stored at room temperature 
for tiro weeks prior to feeding. Next, the remaining one-half of 1 per 
cent of oil was mixed in the diets every other day before feeding. By 
this procedure the total am.ount of oil was included in each diet. The 
levels of cod liver oil studied were 1,5, 3.5 and 6.5 per cent. 
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RESULTS 
A Btatistioal study of the mean weights of males and females within 
a lot fadled to show, except in a few lots, sex differences in the rate of 
growth in these experiments. Therefore, a weighted mean was taken to com­
pare the growth rate. The algnificeinoe of the differences between lots, as 
determined by the "t" test, are indicated in the tables. 
Table 1 shows the effect of diet treatment and supplosent on weight 
gains and per cent mortality. It is obvious that the iron treatment lower­
ed the growth rate, and that the mortality in this lot was very hi^. 
Ei^ty per cent of the chicks in lot 1 died. An oral administration of 
ifdieat germ oil to & level of 5 co. appeared toxic. However, the same 
level of oil did not lower the mean wei^t appreciably nor produce mor­
tality on the untreated diet. The results appear to indicate, than, that 
the dosages of iriieat germ oil given failed to stimulate growth either on 
the treated or untreated diets. 
The affected chicks of lot 1 showed the following symptomst droopi-
ness, eyes closed, loss of appetite, ruffled feathers, weakness p:.A finally 
death. The dead chicks were examined for gross lesions. The most constant 
findings were enlarged gall bladders, gizzard erosion and grayish red-brown 
kidn^s, which appeared enlarged in scmie oases. The majority of the chicks 
died betweom the fifth, and ei^th week of age. 
The skin, shanks and beak of all the chicks receiving the iron-treated 
ration were depi^ented. 
Table 1. 
The Effect of Ethereal Ferric Chloride Treatment and T?h»at Germ Oil Supplanent 
to Treated and Untreated Diets on Mean Weight and Mortality 
Lot 
No. Treatment and auppletaent 
No. 
chicks 
per lot 
Chicks 
aixrviving 
8th nk. 
Per cent 
mortality 
8th trie. 
Uean wei^t 
both aexes 
(gratas) 
1 
Treated with ethereal PeCl3-»-
57®C«-»-w.g.o.* to 5 cc, level 10 2 80 98 
2 Seme diet nithout w*g.o* 10 10 0 
3 
Untreated plus v«g.o» to loo. 
level 10 10 0 415 
4 
Untreated plus w.g.o. to 5 oo. 
level 10 9 10 431 
6 Untreated control 10 10 0 471 
/;^ %l^l%oant 
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The results of diet treatment and supplement for experiment 2 are 
recorded in Table 2. The mean wei^t of the lot receiving the diet treat­
ed with ethereal ferric chloride and 1 per cent lard is definitely lower 
than the control. The same diet supplemeoated with wheat germ oil to a 
2 CO. level produced 85 per cent mortality by the fourth week. The same 
amount of vitmin E supplement was administered to ohicks on the untreat­
ed ration] it failed to increase the mean weight -vftien compared to the con­
trol. Based on average feed consumption for the fourth week, the level 
of wheat germ oil administered amounted to approximately 3 or 3.5 per 
cent of the feed intake. 
Bren thou^ the amount of wheat germ oil was reduced considerably 
as compared to the level given in experiment 1, the mortality remained 
about the same. Experiment 2 was tex*minated because of the excessive 
mortality in lot 2. 
Since the same batch of iron and l«a*d treated feed was employed for 
experiments 2 and S, a description of the post mortem findings will be 
given under the latter trial. 
The object of experiment 5 was to determine whether various combina­
tions of ferric chloride, lard, and nheat germ oil would affect growth 
or produce mortality} and to observe idiether oral administrations of 
cod liver oil would increase the viability of the chicks on the hi^ 
mortality producing diet. The effeotsof the diets on mean wei^t and 
mortality are presented in Table 3. 
Table 2 
The Effect of Ethereal Ferric Chloride and Lard Trea-baent and l^heat Gem 
Oil Supplonient on Uean Weight and Uortality 
Lot 
No. Treatment and supplement 
No. 
chicks 
per lot 
Chicks 
siirviving 
4th -wk. 
For cent 
mortality 
4 th idc. 
Mean weight ® 
both sexes 
(grams) 
1 
Treated with ethereal FeCl3+-
1% lard+ 57°C, 12 12 0 46 
2 
Some diet+ -w.g.o.'* to 2 co. 
level 12 2 83 34 
5 
Untreated diet-f-v.g.o. to 
2 ce. level 12 12 0 98 
4 Untreated control 12 12 0 123 
» "Wheat Gem Oil 
B Bfo statistical analysis because of mortality. 
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The mean wei^ta for the lota receiving the ethereal ferric chloride, 
lard treated diet (1 to 4 inol.) are lower than those for the control lot. 
The addition of 5 per cent of nheat germ oil; 1 per cent'of an aqueous 
solution of ferric chloride and 1 per cent of rancid lard to the untreated 
diet failed to affect the mean wei^t of lot 5 as compared to the control. 
liThen other combinations of ferrio chloride and rancid lard or rancid lard 
alone were tried on the untreated diet, growth was not eiffected as indica­
ted by the weigjhts for lots 6 and 7, 
For the first time mortality occurred on the unsupplemented ethereal 
ferric chloride treated diet as shown by lot 1. The combination of wheat 
germ oil and the iron-treated diet still produced the hig|hest per cent 
mortality. Apparently the oral administration of cod liver oil, 0.2 cc. 
every other day, retarded or reduced the incidence of mortality. The 
administration of ndieat germ oil intraperitoneally failed to reduce the 
incidence of mortality. Since 25 per cent mortality occurred in the lot 
receiving no wheat germ oil, 75 per cent in the lot receiving intraperi­
toneal injections, and none in lot 5 receiving ferric chloride, rancid 
lard, and wheat germ oil with an untreated diet it is questionable then 
as to iriiether or not ferrio chloride is toxic. The results still indicate 
that chicks receiving an ethereal ferrio chloride treated diet are unable 
to tolerate the dosage of wheat germ oil that is tolerated by chicks on 
an untreated diet. The oral administration of ood liver oil afforded 
some protection against moxi:ality. 
Table 3 
The Bffeot of Ferric Chloride and Lard Treatments cmd Wheat Germ 
Oil Supplement on Uean yrel^t and Hortsdlty 
Lot 
Ho. Treatment and supplement 
tfo. 
ohioks 
per lot 
Chicks 
surviving 
4th «k. 
Per cent 
mortality 
4th iric. 
Mean wei^t > 
both sexes 
(gramB) 
1 
Treated with ethereal PeClg+ 
1^ lard + 57°C. 12 9 25 51 
2 
Same diet -t* w. g.o.* to 2 cc. 
level 12 2 83-»- 45 
3 
Same diet -t- tr.g.o. to 2 cc. 
level + cod liver oil orally 12 8 33-<- 38 
4 
Same diet-v 0«5 co. w.g.o* in-
traperitoneally the 2nd, 3rd, 
and 4th ifks. 12 3 75 53 
5 
Untreated + 5^ w.g.o. +• aqueous 
PeCls + IjS ranoid lard 12 12 0 81 
6 
Untreated + aqueous PeClj •+• \'f» 
ranoid lard 12 12 0 95 
7 Untreated 4- \% rancid lard 12 12 0 87 
8 Untreated control 12 12 0 94 
« Wheat Germ Oil 
* Ho Btatistioal analysis hecause of mortality. 
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The ohioks of lot Z, experiment 2, and of lots 2, 3« and 4 of experi­
ment 3f shoved the following general symptoms < A large percentage of the 
chicks developed a straddling stance, loss of appetite, ireakness, muscular 
incoordination and death. A post mortem examination iras made of most of 
the ohicks in these lots. The most camman gross lesions observed vere sub­
cutaneous edema, hydropericardium, ascites, yellov liver, grayish red-brovn 
kidneys, gizzard erosion and dilatation of the heart. Large quamtities of 
fluid accumulated under the ^ in around the abdominal region, and in the 
pericardial and peritoneal cavities. The exudate was clear and yellow or 
serous in some oases, iriaile in others it was jelly-like in consistency. 
The yellow livers seldom appeared to be enlarged. The brains were not ex­
amined. The chicks examined in lot 1, experiment 3, showed lesions similar 
to those described with the exception of yellow livers. The chicks in lots 
5, 6, 7, and 8, of Table 3 were killed and examined for gross lesions. The 
gizzards of these chioks were eroded or ulcerated to some extent in every 
lot. Bacteriological examinations of a number of diseased chicks failed to 
establish the fact that the disease was caused by pathogenic organisms.* 
The greatest mortality occurred during the third and fourth weeks. 
Because of the excessive mortality experienced with Diet I when treat­
ed, and due to the presence of gizzard lesions in ohicks fed the control 
diet of experiment 3, Diet II was formulated to continue the study of vit­
amin E deficiency in chioks. 
* The bacteriological examinations were made through the courtesy of Dr. 
E. F. Waller of the Veterinary Pathology Department now at the TJiiiversity 
of New Hampshire. 
Table 4, 
The Effect of Eactracted Rancidified Diets, and Mieat Germ Oil 
Supplement on Ueaa T>eight and Feed DtillEation 
Lot 
No. Treatment and suppliant 
No. 
chicks 
per lot 
Chicks 
surviving 
6th wk. 
Per cent 
mortality 
6th wk. 
Mean Tfeicht 
both sexes 
(grams) 
Grams of 
feed per 
gram gain 
1 
E*traoted-»-rancid Xard+ 
w.g.o** to 1 CO. level 12 12 0 3.4 
2 Same diet without w. g.o* 12 12 0 3.1 
3 
Extracted rancid natural 
fat + w.g.o. to 1 CO* level 12 12 0 3.6 
4 Same diet irithout ir.g.o. 12 12 0 184 3.0 
5 
Unextracted •+- w.g.o. to 
1 00. level 12 12 0 586 2.0 
6 Unextracted control 12 11 8 + 386 2.0 
» Wheat Germ Oil 
// Highly Sigaifleant 
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The mean wei^ts^ feed utilization, and per cent mortadity resulting 
from feeding extracted ranoidified diets are presented in Table 4. 
The growth rate of the ohioks fed the control or nonranoid diet is 
decidedly superior to the growth of the ohioks fed the rancid diets. The 
wheat germ oil supplement failed to stimulate growth when given atl'the 
level of 1 CO. The chicks receiving the ranoidified diets appeared to be 
less efficient in feed utilization than the controls. 
The improvised fat extractor heated the feed to 95°C« Therefore, the 
heat factor could have been partly responsible for the poor growth obtain­
ed on the ranoidified diets, irrespeotive of the vitamin E defioienoy. 
1%en the experiment was terminated the chicks were killed and examin­
ed for gross lesions. The only sigiificant lesion found was gistard erosion, 
which affected a high percentage of the chicks in lots 1, 2, 3, and 4. The 
incidence of gizsard erosion was negligible in lots 5 and 6. 
In the case of Experiment 5 the feed was extracted in the cold, thus 
eliminating the heat factor to which the feed was subjected in trial 4. 
The mean weight, feed utilisation and per cent mortality resulting 
from feeding extracted rancidified diets are tabulated in Table 5. There 
was no appreciable difference between the mean wei^ts of the six lots of 
chicks and the weight difference that ia apparent between lots 1 and 2 and 
the remaining four lots might be explained by an outbreak of coryxa which 
was confined entirely to lots 1 and 2, in whioh over 50 per cent of the 
chicks were affected. The chicks grew as well, and utilised their feed 
as efficiently on ranoidified diets as the controls. The growth in all 
lots was decidedly superior to that of any of the lots in experiment 4. 
Tablo 5. 
The iuffect of Ejctraoted Rancidified Diets, and Vilieat Germ Oil 
Suppleraent on Mean ?/eight and Feed Utilization 
Lot 
»o. Treatment and supplement 
Fo. 
ohioks 
per lot 
Chicks 
surviving 
8th wk. 
Per oent 
mortality 
8 th Kk. 
Mean weight 
both sexes 
(grams) 
Grams of 
feed per 
gram gain 
1 
Extracted rancid natural 
fat-t-w.g.o.* to 2 oc. level 12 10 16-»- 471** 2.8 
2 Same diet mithout -vr.g.o* 12 11 8-I- 461** 2.8 
3 
Extracted +• ranoid lard + 
w.g.o. to 2 CO. level 12 12 0 657 2.7 
4 Same diet without ir.g.o. 12 12 0 545 3.0 
5 
Unextracted 4- w. g«o. to 
2 CO* level 12 12 0 533 3.0 
6 Unextracted control 12 10 16 518 3.0 
* Wheat Gem Oil 
•• Affected with Cox^za 
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At least a part of this increase in rate of growth may be attributed to 
the decrease in temperatures during extraction. The mortality recorded 
in lots 1, Z, and 6 was not attributed to diet treatment* 
The results of supplementing iidieat germ and ooconut oils to eajtraoted 
ranoidified and control diets are summarixed in Table 6, It is evident 
that there is no difference betweeo. the mean wei^ts, feed utilisation 
and mortality of the lots studied. It is evident that there is no dif­
ference in the effect of ooconut oil and wheat germ oil upon rate of growth. 
The results on the incidence of mortality produced by subjecting 
Diet II to various treatments are recorded in Table 7. A study of this 
table indicates that ndien Diet II was treated with ethereal ferric chloride 
and lard and then stored in a drying room at 57°C. for two weeks no mor­
tality occurred in lot 6 (b). These results are similar to those obtained 
•when Diet I was subjected to similar treatment for 2, but not in the case 
of experiment 3, where mortality was evident. It is further shown that 
wheat germ oil was administered at the 5 oc* level in lots 3 (a) and 
5 (a) no excessive amount of mortality occurred. Growth was very poor in 
these lots. The massive doses of wheat germ oil appear to be responsible 
for the slow growth rate of these ohicks. The treatments applied to the 
diets for lots 2 and 7 were considered as being severe enou^ to inactivate 
the residual E content. However, growth rate was not affected to any 
great extent by the treatment. 
Table 6. 
The Effect of Supplementing Sxtraoted Rancidified and Control 
Diets with T/heat Germ and Coconut Oils 
Lot 
No. Treatment and supplmient 
Ho. 
chicks 
per lot 
Chicks 
surviving 
8th idc. 
Per cent 
mortality 
8th wk. 
Mean weight 
both sexes 
(granus) 
Grains of 
feed per 
gram gain 
1 
Extracted +• rancid natural 
fat w.g.o. to 2 oc» level 12 12 0 597 / 2.5 
2 
Extracted + rancid natureJ. fat 
+- coconut oil to 2 cc. level 12 12 0 519 2.5 
3 
Extracted rancid lard-*^ 
w.g.o. to 2 CO. level 12 12 0 552 2.5 
4 
Extracted + rancid lard 
coconut oil to 2 cc. level 12 12 0 586 / 2.5 
5 
TJnextracted w.g.o. to 2 cc* 
level 12 12 0 561 2.6 
6 
Unextractod + coconut oil to 
2 cc. level 12 12 0 514 2.7 
• Wheat Germ Oil 
/ Signifioant 
Table 7. 
The Effect of Various Diet Treatments on Mortality 
Lot 
No. Treatment and supplement 
No. 
chicks 
per lot 
Chicks 
surviving 
8th vide. 
Per cent 
mortality 
6th nk. 
Uean wei^t 
both sexes 
(grams) 
Grcuns of 
feed per 
gram gain 
1 
Extracted + lObop.+ 0.25^ 
coconut oil 12 12 0 562 2.7 
7 
Extracted then added 6^ rancid 
lard - held 2 tries, at 100°F. then 
reextraoted0.25^ coconut oil 12 12 0 483^^^ 2.8 
2 
Extracted + ethereal FeClg + 
100°F.+ 0.25^ coconut oil 12 11 8+- 48?// 2.7 
3(a) 
Unextracted + etheresil PeClj *• 
100°F., w.g.o.* to 5 cc. level 6 6 0 2.4 
3(b) 
Unextracted ^  ethereal FeCls 
100°F. Ho. ir.g.o. 6 6 0 538 2.6 
4 
Unextracted + ethereal FeCl« +• 
IjC lard<-100°F. 12 12 0 521^ 2.6 
5(a) 
Unextracted •- ethereal FeClg 
57°C.+w.g.o. to 5 cc. level 6 5 16+ 33o// 2.1 
5(b) 
Unextracted -f- ethereal PeClj 
+ 57°C. No w.g.o. 6 5 IS-*- 489/ 2.7 
6(a) 
Unextractedethereal PeClg+-1^ 
lard-»-57°C. ^ alpha-tocopherol 6 6 0 564 2.5 
6(b) 
Unextracted+ ethereed FeClg'+'ljS 
lard-»-57®C. No ailpha-tocophsrol 6 6 0 539 2.6 
13 Unextracted control 12 12 0 592 2.7 
» Wheat Germ Oil 
/ Si^ifioant 
Highly Significajit 
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Before the ezperimeat terminated one chiok in lot 2 and one in lot 5 
(b) beoeuae paralyzed. These chicks were apparently affected with fowl 
leucosis. The diagnosis was based on histopathologic studies.* The chick 
that died in lot 5 (a) was not examined due to its state of decomposition. 
The results on the incidence of mortality produced by enoephalomalaclo 
producing diets are given in Table 8, The incidence of mortality/was just '' 
as high in lot 9, receiving the natural fat rancidified as lot 8 trtiich con­
tained rancid lard. Therefore, it is evident that there are no protective 
factors present in natural rancidified fat against the nutritional disease. 
The ohicks of lot 10 failed to survive even thou^ they received, a daily 
dosage of 0,1859 jnilligrara. of alpha-tocopherol. >^en freshly extracted 
natural fat was used as the oource of fat in Diet 108-A it failed to com­
pletely protect the chicks against the deficiency. 
Diet E had a previous record of producing a hi^ incidence of en-
cephalomalacia, but "ivhan it was supplemented with 1 per cent of cod liver 
oil and alpha-tocopherol, no enoephalomalacia resulted. Only 33 per cent 
mortality resulted in lot 12 (b) the negative control, liriien additional cod 
liver oil was added whereas the same diet produced symptoms of the de­
ficiency in 100 per cent of the ohicks. A histopathologic study was made 
of the brain from one of the two chicks that became paralyzed in lot 12(b), 
The sections studied from this brain revealed the major lesions of 
enoephalomalacia as described by Pappenheimer (41)* 
» The histopathologic studies were made through the courtesy of Dr, S. H. 
MoNutt of the Veterinary Research Institute. 
Table 8. 
The Effect of Supplesneating Enoephalomalacic Producing Diets 
Vfith Alpha-tooopherol and Cod Liver Oil 
Lot 
No. Treataent and supplement 
No. 
chicks 
per lot 
Chioks 
surviving 
8th Trie. 
Per cent 
mortality 
8th Trie. 
Mean wei^t" 
both sexes 
(grams) 
8 
Diet lOB-A modified - rancid 
lard Control* 10 0 100 
9 
Diet 108-A modified - natural 
fat ranoidified 10 0 100 
10 
Diet 108-A rancid lard+-
alpha-tocopherol 10 0 100 
11 
Diet 108-A modified - natural 
fat not rancidified 6 4 33-^ 315 
12( 
Diet E modified + alpha-
a) tocopherol 6 6 0 378 
Diet E modifiedno alpha» 
12(b) tocopherol 6 4 33 371 
14 
Same feed as lot 8 aged 30 days 
longer cod liver oil orally 11 6 45 •- 140 
15 
Same feed as lot 9 aged 30 days 
longer * cod liver oil orally 11 5 54 197 
• Cod liver oil mixed in feed for lots 8, 9, 10, 11, 12 (a) and 12 (b) 
ft Bo Btatistioal analysis because of mortality. 
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TJhan cod liver oil was given orally to chicks of lots 14 and 15 Trtiioh 
received the same diets fad lots 8 and 9, the mortality ranged betwean 45 
and 55 per cent. Hence, the incidence of mortality was reduced consider­
ably by giving the cod liver oil orally. 
The highest incidence of mortality occurred between three and five 
weeks of age in lots 8, 9, and 10. 
With few exceptions, the gross examination of the brains did not show 
the presence of edema, hemorrhages, and necrosis, which develop in the 
cerebellum of chicks affected with, enoephalooalacia. 
The brains of at least 4 chicks from each of lots 8, 9, and 10 were 
prepEured for histopathologic studies. Several sections were taken from, each 
brain for observation. No significant lesions were found in the sections 
studied. 
The most consistent gross changes observed were greyish red-brown 
kidneys and a slight dilatation of the ureters with what appeared to be 
urates. The kidneys appeared to be enlarged in only a few cases. 
The brains of the chicks of lots 14 and 15 were not examined for gross 
and microscopic lesions. 
The pturpose of experiment 9 was to confirm the work of previous investi­
gators that alpha-tocopherol would protect chicks against encephalomalaoia. 
Table 9 reveals the protective action of vitamin E against the deficiency 
disease. The lard used in Diet 108-A was not as rancid as that used in 
Table 9. 
The Protective Effect of Alpha-tocopherol Against Encephalomalacia 
Lot 
No. 
Ko. 
chicks 
Treatment and supplement per lot 
Chicks 
surviving 
8th Ilk. 
Per cent 
mortality 
8 th iric. 
Mean weight 
both sexes 
(grams) 
Grams of 
feed per 
gram gain 
1 
Diet 108-A modified + alpha-
tocopherol + cod liver oil orally 10 10 0 272 1.6 
2 
Same diet without supplement 
cod liver oil orally 10 5 50 290 
3 
Same diet alpha-tocopherol 
cod liver oil mixed in feed 10 10 0 265 1.5 
4 
Same diet without supplement-^ 
cod liver oil mixed in feed 10 6 40 241 
5 
Dist No. 11 extracted - ZVf) lard 
added and held 4 i&s. at room tem­
perature then reextraoted and stored 
7 months at room temperature. Six 
per cent rancid lard added prior to 
feeding. Cod liver oil mixed in 
feed. Supplonented with alpha-toco­
pherol 10 10 0 357 3.8 
6 Same diet without alpha^tocopherol 10 10 0 379 3,8 
Ko statistical analyais because of mortality. 
49 
the same diet for trial 8. The incidence of mortality was practically 
the same in the negative control lots. The administration of a total 
dosage of 25 milligrams of alpha-tocopherol completely protected the chicks 
against the brain deficiency disease. 
It is also noted that the difference in the incidence of mortality is 
slightly in favor of the lot receiving the cod liver oil mixed in the feed 
rather than the lot receiving it orally. 
The symptoms displayed by the affected chicks were similar to those 
previously described. An examination of the brains of the chicks that 
died in lots 2 and 4, revealed the presence of gross lesions. The lesions 
varied with each brain as to the nature and extent of involvonent. The 
lesions observed were edema, flattened convolutions of the cerebellum^ 
homorrhages less than one millimeter in diameter, and soft yellowish areas 
one-half centimeter or less in diameter. The lesions were located in the 
cerebellum more often than in the cerebrum. According to symptoms and le­
sions observed, these chicks appeared to be affected with encephalomalacia* 
Tthen Diet II was rancidified and reextracted and stored for seven 
months it failed to produce mortality. It is further observed that a dosage 
of 25 milligrams of alpha-tocopherol did not increase the weight above that 
attained by the negative control* 
The mean weights obtained on both diets indicate poor growth. 
The purpose of experiment 10 was to induce a high incidence of en-
ceph&lomalaoia by using excessive levels of ood liver oil with Diet 108-A. 
Table 10. 
The Protective Effect of Alpha-tooopherol and Cod Liver Oil Agednst Bncephalomalacia 
Lot 
llo. Trealaaent and supplement 
Wo. 
chicks 
par lot 
Chicks 
surviving 
8th wk. 
Per cent 
mortality 
6 th -adc. 
Mean wei^htii Grams of 
both sexes feed per 
(grams) gram gain 
1 
Diet 108-A modified, added 
3.5^ cod liver oil 10 0 100 
7 
Same diet * alpha-tocopherol 
orally 10 0 100 
2 
Diet 108-A modified, added 
6,6% cod liver oil 10 7 30 308 
8 
Same diet + alpha-tocophorol 
orally 10 10 0 293 2.0 
3 
Diet So. Ill +• 21 jS lard and 
stored 5 months at room tempera­
ture. Cod liver oil Z% 6 6 0 238 2.7 
9 
Same diet +" alpha-tooopherol 
orally 6 6 0 259 2.8 
it No statistical analysis because of mortality. 
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The results on the inoidenoe of mortality are recorded in Table 10. 
The mortality began in lota 1 and 7 the first part of the fifth week 
and continued to the latter part of the eighth week. In lot 2 the mortal­
ity began the sixth week and subsided the first day of the ei^th week* 
The symptoms manifested by these chicks and the gross lesions of the kidneys 
were similar to those described in experiment 8, idiereas the gross brain 
lesions were similar to those described under experiment 9. The symptoms 
and g;ross lesions of the brain resembled those described for encephaltmalacia. 
Poor growth resulted as a consequence of adding 21 per cent lard to 
Diet III and storing it at room temperature for five months, but no mortal­
ity was produced in lot 5* The mean weight of the chicks receiving a 
total dosage of 25 milligrams of alpha-tocopherol appears to be similar 
to the mean weight of the negative control. 
/Experiment 11 was initiated in an effort to induce enoephalomalacia 
or mortality by supplementing Diets III and 17, composed for the most part 
of natural feedstuffs with 3.5 and 6.5 per'cent of cod liver oil. The re­
sults recorded in Table 11 show that no mortality occurred during the ex­
perimental period. The chicks failed to show any symptoms of muscular in­
coordination. 
It was observed that a relationship existed between the intensity of 
shank color and the level of cod liver oil added to the feed. The yellow 
color of the beaks and shanks of most of the chicks receiving 6.5 per cent 
of cod liver oil in the feed was highly suppressed as compared to the 
Table 11. 
The Effect of Supplementing High Levels of Cod Liver Oil to 
Diets Composed of Natural Feed Ingredioits 
Lot 
No. Treatment and supplement 
No. 
chicks 
per lot 
Chlclcs 
surviving 
8th idc. 
Per cent 
mortality 
8 th fik. 
Mean Weight 
both sexes 
(grams) 
(irams or 
feed per 
gram gain 
4 
Diet IV 3 \/Z% cod liver 
oil 10 10 0 364 3.6 
5 
Same diet 6 \/Z% cod liver 
oil 10 10 0 343 3.2 
6 
Same diet ^  1 \/l% ood liver 
oil 10 10 0 438 3.3 
10 
Diet III 4-3 cod liver 
oil 10 10 0 E30 3.3 
11 
Same diet ^  6 l/2/S cod liver 
oil 10 10 0 547 3.1 
12 
Same diet t- 1 l/2^ cod liver 
oil 10 10 0 577 3.5 
// Higjrxly Sigaifioant 
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controls. Suppression of shank and beak color occurred on both rations. 
This oonfirms the findings of HiEunmond (23) who observed that excessive 
quantities of cod liver oil suppressed shank color in chicks. 
The mean weights of the lots receiving 3.5 and 6,5 per cent ood liver 
oil supplanented to Diet III were lower than the control lot, but the dif­
ference was hi^ily si^ificant only In the case of lot 5, Diet IT was 
supplemented with the same levels of ood liver oil, but with this diet the 
differences in wei^t were not significant. 
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DISCUSSION 
Previous work by Underbjerg (50) in nhich the diet TTCIB treated with 
ethereal ferric chloride, indicated that the method used for the destruc­
tion of vitamin E was effective, since feeds so treated, when fed to rats, 
produced typical resorptions. Therefore, the method described by Tlnder-
bjerg (50) was used for the treatment of the feeds for the initial experi­
ments. 
The results of this study show that ferric chloride treated diets 
lower the growth rate of chioka, which agrees with the observation of 
Jukes and Babcock (26) and of Sloan, et ad (44), No mortality or nutri­
tional encephalomalacia resulted by this method of treatment, even though 
the feed was subjected to high and low heat treatments for long periods 
of time. These observations are not in agreeonent with the findings of 
Adamstone (4) who produced nutritional encephalomalacia with a ferric 
chloride treated diet exposed to a temperature of 34.6^C. 
Tfthen chicks were fed simplified diets treated with ferric chloride 
to which lard had been added, some mortality occurred, but when a more 
complex diet was treated in a like manner, no mortality resulted. This 
observation indicates that the results obtained depend upon the composi­
tion of the diet prior to treatment, rather than upon the treatment alone. 
When the fat content of the feed was removed to less than 0,5 per cent, 
and then the diet was treated with ferric chloride, the growth of the 
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ohloks was reduced to some extent, but diets so treated failed to induoe 
symptoms of a vitamin. E defioioicy other than slow growth. No other ob-
servations are available on this type of treatment in studying a vitamin 
E deficiency in ohicks. 
Results are presented which show that when feed is oubjected to hi^ 
heat during the process of removing the fat, the rate of growth of chicks 
is decreased. When the fat of a diet is extracted in the cold to less 
than 1 per cent, the growth rate is not appreciably lowered. Ho mortality 
resulted frm. the effects of these treatments. These observations agree 
with the work of Russell, et al (43). 
An attempt was made to inactivate vitamin S in natural feeds by ex­
tracting the fat in the cold to lass than 0.5 per cmt and then adding 
either raneidified lard or natural fat. The findings indicate that the 
growth rate was not lowered below that of the controls; and the source of 
fat, when ranoidified appeeured to be immaterial insofar as growth was con­
cerned. No mortality resulted as a consequence of feeding diets so treated. 
Data are presented showing that feeds which have been extracted, ran­
oidified with lard; and then stored for sevaimonths did not produce mor­
tality. The rate of growth was decreased sli^tly. Twenty-one per cent 
lard was added or mixed with a diet composed of natural feedstuffs, and 
stored in a can at room tamperatiure for five months. The feeding test 
revealed very poor growth at eight weeks of age, but no mortality occur­
red nor were there any symptoms of enoephalomalaoia. Korris (35) re­
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ported the production of encephalomalacla by storing a normal ration at 
room temperature. As to whether the variance in results is due to the 
methods of storing or to other factors Is not determined* 
Viheat germ, oil -was administered to chicks orally to deteirmlne ii^ether 
it would stimulate growth in chicks. When the oil was given to chicks re­
ceiving a simplified diet treated Trith ferric chloride or with ferric 
chloride and lard In ether solutionf a high mortality was produced. The 
amount of oil given daily was approximately 8 to 10 per cent of the diet, 
and it was Increased gradually imtll 2 and 5 cc. levels were reached. 
These dosages amounted to approximately 3 to 3.5 per cent of the feed in­
take at 8 weeks for the 2 co. level and between 8 to 10 per cent for the 
5 oc. level. The chicks reoelvlng an untreated diet could tolerate these 
amounts of oil, ITheat germ oil did not produce a hl^ mortality when the 
chicks received a treated diet containing a wide variety of feedstuffs. 
Growth of chicks was not stimulated when wheat germ oil was supplonented 
to E«defioleat or normal rations. Holmes &nd Cravens (25) supplemented a 
normal ration with 0.1 per cent of wheat germ oil and obtained similar re­
sults. 
One experiment was initiated to test the effectiveness of wheat germ 
oil as a growth promoting substance as compared with coconut oil. This 
was done to determine iriiether the results obtained mi^t be due to the 
fat content of the diet or to the addition of the vitamin E in wheat germ 
oil. Both oils appeared to be equal in their effect upon gronirth. 
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A study was made on. the protective effect of alpha-tooopherol against 
nutritional encephaJ.omalacla. Two diets were used for this study that were 
Imown to produce the brain degeneration. Diet 108-A was modified by using 
rancid lard and rancid natural fat to determine whether the ranoid natural 
fat possessed a protective substance against the brain disease. No such 
substance was evident, as a complete mox*tality resulted. Diet £ which 
previously had been completely enoephalomalacia producing was modified by 
adding 1 per cent of ood liver oil. When 0.1859 milligram of synthetic 
alpha-tocopherol per chick per day was administered orally, the chicks were 
completely protected against encephalomalacia. At this level, a total dos­
age of 10 milligrams per chick was administered over the el^t week period. 
However, when Diet 108-A, plus the same amount of tocopherol was fed, com­
plete mortality resulted, but whea the totcU. amoTint of tocopherol fed with 
Diet 108-A was increased to 25 milligrams per chick for the eight week period, 
the chicks were protected. This difference in protective level could not be 
attributed to the method of administration, and it must therefore be due to 
differences In the diets. It would seem that the protective level of synthe­
tic dl-alpha-tocopherol for chicks lies between 10 and 25 milligrams when ad­
ministered over a period of eight weeks. This is in oontruiet with the re­
sults of Pappenhelmer, et al (41) who found that chicks were protected 
against encephalomalacia v^en a total of 4.95, 5.0 and 10.0 milligrams 
were administered over periods of five weeks each. 
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It is possible that this difference in leirels required for protection 
may be explained by the possibility of differences in the rancidity of the 
fats used, since these authors did not quote iodine numbers. It is prob­
able that higher levels of alpha-tocopherol are required with extremely 
rancid feeds. 
It was assumed that the vitamin A content of the cod liver oil was 
being destroyed by coming into contact with the large quantity of rancid 
fat. 
The incidence of mortality was then reduced approximately 50 per cent 
on the same batch of feed by giving the cod liver oil orally. The inci­
dence of mortality was reduced when cod liver oil was administered orally 
to chicks receiving a ferric chloride and lard treated feed. Also, when 
cod liver oil was given orally to chicks receiving extracted rancidified 
diets rate of growth was again improved. All of this evidence points to 
the fact that the oral feeding of cod liver oil improved the rate of growth 
regardless of the diet used. This substantiates the assumption above that 
some factor or factors in cod liver oil, probably vitamin A, was destroyed 
in part when the cod liver oil was mixed into the feeds. This was can» 
firmed by the resulting mortality, for mortality was reduced quite uni­
formly when the cod liver oil was pipetted, as compared to those lots 
which were fed cod liver oil mixed into the feed. 
Evidence pointing toward a factor in cod liver oil which migiht hinder 
the utilisation of vitegnin E has been reported by Hammond (23), n^o found 
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that nidien 3 per oeait or more of ood liver oil was fed, nearly one-third of 
the ohicks developed enoaphalomalaoia. This cod liver oil was presumably 
added to diets made up with natural feedstuffs. However, in this work 
?rtxen either 5 l/Z or S l/2 per cent of cod liver oil iraB added to diets 
made up of natural feedstuffs, no oases of enoephalomalacia developed. 
When the diet was changed, and synthetic Diet 108-A was used, all of the 
ohicks fed the 3 l/2 per cent level of cod liver oil developed definite 
symptoms of the deficiency, either with or without an additional supple­
ment of 25 milligrams of synthetic alpha-tocopherol fed each chick over 
the ei^t week period. These results are in essential agreement with those 
of Hammond (23) in that a destruction or inactivation of vitamin E is in­
dicated when this level of cod liver oil is fed, provided, however, that 
synthetic, rather than natiiral diets are used. The extension of this in­
vestigation, however, does not confirm the results'of Hammond (23). That 
is, whozL 6 1/2 per cent of ood liver oil was added to Diet 108-A approxi­
mately 30 per cent of the chicks developed enoephalomalacia. Thus an in­
crease in the level of cod liver oil apparently afforded some protection, 
since all of the chicks on the 3 I/2 per cent level of ood liver oil were 
affected. T/hen the 25 milligrams of alpha-tocopherol rere added to the 
Diet 108-A with the 6 I/2 per cent of cod liver oil, no oases developed, 
indicating a further protective action of the tocopherol with cod liver 
oil at the extreme level. It is not known whether Hammond's (23) investi­
gations were carried to such extreme levels of ood liver oil. Since ood 
60 
liver oil is very low in vitamin E, and since inoreasea of cod liver oil 
from 1 or 2 per cent to 3 per cent result in a definite increase in the 
sjnaptoms ascribed to vitamin E deficiency, it is hardly reasonable to ex­
plain these results in terms of additions of vitamin B with the higher 
amounts of cod liver oil. Therefore, it must be assumed that either the 
level of other vitamins, and particularly vitamin A, must be responsible 
for this protection against encephalomalacia, or that more than one factor 
is involved in ths production of the conditions described as nutritional 
encephalomalacia. 
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CONCLUSIONS 
Bate of growth in ohicks is not affected by vitamin E (synthetic dl-
alpha-tocopherol) or by wheat germ oil. 
High levels of cod liver oil (3.5 and 6.5 per cent) did not produce 
encephalomalacia when added to diets made up of natural feedstuffs. 
The addition of 3.5 par cant of cod liver oil to Diet 108-A (modi­
fied) produced 100 per cent of enoephalamalacia in either the presence 
or absence of synthetic dl-alpha-tocopherol. 
The addition of 6.5 per cent of cod liver oil to Diet 108-A (modified) 
produced only 30 per cent of encephalomalacia irtien no synthetic dl-
alpha-tooopherol was fed^ and none when 25 milligrams of the tocopherol 
were administered orally over a period of ei^t weeks. 
The requirement of the chick for synthetic dl-alpha-tocopherol for 
the first eig^t weeks lies between 10 and 25 milligrams. 
T^heat germ oil added at levels of 2 and 5 cc. to simplified diets made 
up of natural feedstuffs, but treated with ethereal ferric chloride, 
increased mortiCLity. 
Wheat gem oil added at levels of 2 and 5 co. to diets made up of 
natural feedstuffs had no effect upon mortality. 
The treatment of feeds with ethereal ferric chloride reduced the rate 
of growth of Sin^e Comb White Leghorn ohicks fed these diets. 
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9* The rate of growth of Single Comb White Le^om chicks fed diets ex­
tracted at temperatures approximating 95^. was less rapid than that 
of chicks fed diets extracted at approximately 
10. Either extraction with pentane (Skelly A) or treatment with ethereal 
ferric chloride may be used to remove or inactivate vitamin B in diets 
made up of natural feedstuffs. 
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SUiaSARY 
In this work, vitamin S-defioient diets wore prepared (1) by treat­
ing with ethereal ferric chloride, recovering the ether by heating, then 
aging the feed for two weeks at ST^Cj (2) by similar treatment except that 
1 per cant of lard was added in the ether solutionj (3) by extraction with 
normal pentane (Skelly-A) and than aging for two weeks at 37.8°C., (a) 
with sufficient lard to replace the amount of fat extracted, (b) with 1 
per cent of ferric chloride and 0,25 per cent coconut oil, (c) with 0.26 
per cent coconut oil, (d) with the extracted natural fat rancidified and 
readded to the feed, (e) 21 per cent lard added and aged four weeks at 
room temperature, reextracted and stored at room, temperature for seven 
months; 6 per cent rancid lard mixed into the feed end aged two weeks long­
er; (4) 21 per cent lard added to untreated feed and stored at roam tempera­
ture for five montha; (5) Diet 108-A of Pappenheimer, et al, modifiodj 
(6) Diet B as modified by Thompson. 
These diets were fed to Single Ccmb TThite Leghorn chicks in a series 
of experiments. Supplonents of wheat germ oil, synthetic dl-alpha-to-
copherol, and cod liver oil were added at varying levels, both by mixing 
into the feeds and by oral administration. 
Growth and mortality were used as the criteria of judging the effec­
tiveness of feed treatments, and, in addition, the symptoms and gross 
lesions which have been described^ together with histologio studios, were 
64 
used to determine vitaaiin E deficiency. 
In general, the results obtained indicate tiiat the treatment of feeds 
"With ethereal ferric chloride decreases the rate of growth of chicks 
Tfriiereas, the addition of ferric chloride in aqueous solution to the feed 
had very little if any effect upon the rate of growth. Those feeds which 
were extracted at high temperatures produced a lower rate of growth than 
those which were extracted at lower temperatures. The results indicate 
that either method of treatment, that is, treatment with ethereal ferric 
chloride, or ertraoti<m with normal pontane (Skelly A) may be used for the 
destruction or rwtioval of vitamin 5 from natural diets to be used in study­
ing deficiencies of this vitamin, provided that adequate diets are used. 
Apparently, rate of growth in chicks is not affected by vitamin B, since 
the diets extracted at the lower temperatures did not reduce rate of gro-
vth as compared with the unextracted control diets, SLnd supplements of wheat 
genu oil or synthetic dl-alpha-tocopherol neither increased nor decreased 
rate of growth, except when massive doses of wheat gem oil were used, in 
•t^ich case a decrease in rate of growth was apparent. 
When a simplified diet, made up of natural feed8tuffs,was treated with 
ethereal ferric chloride, the addition of wheat germ oil at 2 and 5 cc. 
levels decidedly increased mortality. This was not the case 'vriien the 
wheat germ oil was added to the lontreated control. Neither was this the 
case when irtieat germ oil was added to the extracted diets. Therefore, 
there is an effect of dietary treatment in combination with the supplemen­
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tation of i^eat germ oil. The symptoms of ixutriticmal eacephalomalacia 
were produced in chicks fed the modified Diet 108-A. This deficiency was 
prevented by the oral administration of 25 milligrams of synthetic dl-
alpha-tocopherol over a p^iod of eight weeks, but 10 milligrams failed 
to protect. Therefore, the requirement of the chick for synthetic dl-
j 
alpha~tooopherol is between 10 and 25 milligj^ama for the first eight weeks 
of life» depending upon the composition of the diet. 
The addition of rancidified natural fat did not affect the incidence 
of encephalomalacia in chicks. 
High levels of cod liver oil (3.5 and 6.5 per cent) did not cause 
the production of encephalomalacia when those levels were used with diets 
made up of natural feedstuffs. However, when Diet 108-A (modified) was 
used, all ohicks developed the deficiency when fed the 3.5 per cent level, 
either in the presence or the absence of dl-alpha-tocopherol. When the 
6.5 per cent level was used without the tocopherol, 30 per cent of the 
chicks developed the deficiency, and complete protection was afforded by 
the use of 25 milligrams of dl-alpha-tooopherol fed over a period of 
eight weeks. 
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APPENDIX 
Table 1 
Diet Formulas 
Bioi So. 
Ingredients 
I II III IV 
Lbs. Lbs. Lbs. Lbs. 
(iround yellow com 56.75 21.76 40.00 57.00 
Ground whole oats 26.00 10.00 
Wheat bran 10.00 15.00 
Wheat middlings 24.00 7.00 15.00 24.00 
Soy bean oil meal 3.00 
Fish meal 3.00 4.00 
Dried buttermilk 14.00 10.00 5.00 14.00 
Alfalfa meal 5.00 
Alfalfa leaf meal 4.00 
Yeast, driedbrewer's 2.00 10.00 2.00 
Riboflavin concentrate 0.25 
Ground oyster sHell 2.00 1.50 2.00 2.00 
Sodium chlorido 1.00 1.00 1.00 1.00 
Meat and bone scrap 1.75 4.00 
TOTAL 100.00 100.00 100.00 100.00 
Cod liver oil variable vsuriable variable variable 
UanganouB chloride 37 graxos 37 grams 
llangansae sulphate 10 grains 10 greuas 
Diet 108-A (Modified) Lbs. 
IJried skim milk, Merrell-Soule 15.0 
Casein, oommercial 20.5 
Cornstarch 20.0 
Lard 21.0 
Yeast, dried brewer's 5.0 
Salt mixture, given by* 6,5 
Paper pulp 5.0 
Cod liver oil 2.0 
Total 95.0 
» Given by, Pappenheimer, Goettsoh, and Jungjierr (41) 

TOTAL 160.66 166.60 160.00 100.00 
Cod liTer oil variable Tturiable variable variable 
Uanganous chloride 37 grams 37 grams 
UanganeaB sulphate 10 grams 10 grams 
Diet 108-A (Modified) Lbs, 
Dried skim milk, Merrell-Soule 15,0 
Casein, ooramercial 20.5 
Cornstarch 20.0 
Lard .*•... 21.0 
Yeast, dried brewer's 5.0 
Salt mixture, given by* 6.5 
Paper pulp 5«0 
Cod liver oil 2.0 
Total 95-0 
• Given by, Pappenheimer, Goettsch, and Jun^err (41) 
Diet E (Modified) Lbs. 
Hexane extract of alfalfa, added, equiv. to 
Polished rice, ground 73.0 
Ether-treated sardine meal 17.5 
Sther-treated dried brewer's yeast 7.5 
Saltaidsmall amounts of Fe, Cu, and Mn 1,0 
Total 100.0 
Cod liver oil 
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Table 2. 
EBtimated Chemical Analyses of Diets 
Diet Protein Calcium Hiosphorus 
{%)  
I* 14.94 1.03 0.56 
II* 20.66 1.26 0.79 
III* 16.50 1.62 0.87 
17* 14.96 1.03 0.56 
108-A (Mod.)** 26.09 1.18 0.72 
E (Mod.)*** 19.70 0.61 0.60 
» Calculated analyses. Tables 6 and 7 by H. W. Titus, 
Yearbook, "Food and Life" U.S.D.A. 1939. 
** Casein analysis from, "Fundamentals of Dairy Science", 
by Associates of L. A. Rogers, Second Edition. 1955. 
*** "Chemical jUialyses", Appendix Table 12, Thompson (49) 
